Differential regulation of human indoleamine 2,3-dioxygenase gene expression by interferons-gamma and -alpha. Analysis of the regulatory region of the gene and identification of an interferon-gamma-inducible DNA-binding factor.
The induction of indoleamine 2,3-dioxygenase (IDO) activity has been implicated in the antiproliferative action of interferon (IFN)-gamma on tumor cells and the inhibition of intracellular pathogens. Earlier studies have demonstrated that the expression of the IDO gene is induced strongly by IFN-gamma, but very poorly by IFN-alpha despite the presence of a sequence highly homologous to the IFN-alpha-responsive sequence element (interferon-stimulated response element (ISRE)) in its IFN-gamma-responsive control region. In addition, a sequence with a partial homology to the IFN-gamma-responsive sequence (GAS) identified by Lew et al. (Lew, D.J., Decker, T., Strehlow, I., and Darnell, J.E., Jr. (1991) Mol. Cell. Biol. 11, 182-191) in a human gene for a guanylate-binding protein and to the X box sequence found in all major histocompatibility complex class II genes was found. Deletion experiments have indicated that the ISRE homolog (but not the GAS-related or the X box-related sequence) was essential for an inducibility by IFN-gamma. To investigate the lack of inducibility by IFN-alpha despite the presence of an ISRE homolog, the binding of this ISRE homolog to the IFN-alpha-stimulated gene factor 3 (ISGF3) was examined. Gel mobility shift experiments and competition experiments indicated that this ISRE homolog did not form a stable complex with ISGF3. This may account for a poor inducibility by IFN-alpha. This inability to bind ISGF3 appears to be (at least in part) due to minor differences between the nucleotide sequence of the ISRE homolog present in the IDO gene promoter and the ISRE consensus sequence found in IFN-alpha-inducible genes. An IFN-gamma-inducible DNA-binding factor was identified with characteristics different from ISGF3: (i) the IFN-gamma-inducible factor was detected in the nuclear extracts, but not in the cytoplasmic extracts; and (ii) the appearance of this DNA-binding factor required new protein synthesis, which could explain the dependence on new protein synthesis for the induction of IDO by IFN-gamma.